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Abstract The landscape of northern Malawi is defined by several river catchments that drain from the highlands 
at the west into Lake Malawi at the east. Many thousands of Middle Stone Age (MSA) artefacts are present on 
the surface, in particular in areas where sedimentary units assigned to the Chitimwe Beds are exposed. The 
unique configuration of the region and  its exposures makes it possible to address landscape-scale questions 
about MSA behaviour that augment information derived from excavated assemblages. In this study, data are 
derived from initial results of surveys conducted in 2012 which focussed on how lithic raw materials (in the 
form of cobbles) and core technology (in the form of mapped and analysed cores) are distributed across the 
landscape relative to different landforms, geologies, and one another.  These data are used to examine if 
differences in core reduction technology occur in different catchment areas with different raw material 
quantities and qualities, and to test hypotheses about lithic provisioning scenarios. This allows for examination 
of core reduction technologies in relation to raw material sources via surface finds on a larger regional scale 
than usually is possible from excavations. Different catchments show differences in the type and quality of the 
raw material, with higher-quality quartzites occurring in the North Rukuru catchment and declining to the south. 
This is reflected in the types of materials MSA people chose to use for the production of stone tools. However, 
differences in raw material selection and distance from cobbles did not influence preferred core reduction 
strategies, and most cores cluster together near cobble sources. This suggests that throughout the MSA in the 
study area core reduction strategies were highly conserved even while raw material use remained flexible, and 
cores were not regularly transported as part of a provisioning strategy. 
 
Resumé Le paysage du nord du Malawi est caractérisé par la présence de divers bassins hydrographiques des 
rivières qui s’écoulent des régions montagneuses de l’ouest vers le Lake Malawi, à l’est. Des milliers d’artefacts 
de l’Âge de la pierre moyen (MSA) sont dispersés dans ce paysage, en particulier dans les zones où les 
sédiments de Chitimwe Beds sont exposés. La richesse et le caractère unique de ce paysage, permettent de 
soulever de nouvelles questions concernant le mode de vie des hommes de MSA. Ces nouvelles questions 
enrichissent les informations apportées par les fouilles. Dans cette recherche, des données, sur lesquelles celle-ci 
a été basée, proviennent de ‘surveys’ effectuées en 2012 qui avaient pour objectif de découvrir la manière dont 
la matière première lithique (sous forme de pavés) et les industries lithiques (sous la forme de nucléus) sont 
réparties à travers le paysage. Ces données ont été tout d’abord utilisées pour examiner s’il existe des 
différences dans le débitage sur nucléus dans diverses zones à bassins hydrographiques ayant des quantités et 
des qualités de matière première diverses et ensuite pour vérifier les hypothèses concernant les différentes 
options d’approvisionnement lithique. Les résultats mettent en lumière que différents bassins hydrographiques 
laissent entrevoir des différences dans la qualité et la quantité de matière première. Les quartzites de meilleure 
qualité sont présents dans le bassin hydrographique de la rivière North Rukuru mais cette présence diminue en 
allant vers le sud. Ceci est reflété dans le choix du type de matière première fait par les hommes MSA pour la 
production de leurs outils. Néanmoins, les différences dans la sélection de matière première et la distance des 
pavés n’ont pas eu d’influences sur le débitage sur nucléus qu’ils préféraient. Cela suggère de ce fait que tout au 
long de MSA, les techniques de débitage du nord du Malawi étaient hautement conservatives et cela en dépit de 
la diversité de matière première présente et les nucléus n’étaient pas régulièrement transportés comme faisant 
partie d’une stratégie d’approvisionnement. 
 
Keywords Middle Stone Age, Malawi, Survey, Lithic Core Analysis, Landscape, Lithic Raw 
Materials 
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Introduction 
The Middle Stone Age (MSA) covers the time period in which many distinctively modern human 
behaviours made their first recorded appearance (Foley and Lahr 2003; Henshilwood and Marean 
2003; Marean 2010; McBrearty and Brooks 2000). As the significance of the MSA became apparent 
to archaeologists, its record began to enjoy increased investigation. Over the last ~25 years this has 
resulted in much-improved resolution of technological and behavioural changes that occurred during 
the MSA, indicating among other things the deployment of diverse and regionally-variable 
technological systems, and attendant alterations to settlement patterns (Chiotti et al. 2009; Jacobs et 
al. 2008; Marean and Assefa 2005; McBrearty 1988; McBrearty and Brooks 2000; Van Peer and 
Vermeersch 2007; Wendorf and Schild 1976; Yellen et al. 2005).  
The focus of many MSA lithic studies has been on production systems for particular kinds of 
artefacts, with weaker development of issues regarding technological planning and its relation to land 
use (Kuhn 1995). This restricts the abilities of archaeologists to embed MSA research from individual 
sites within a larger-scale behavioural context.  Stone artefact scatters comprise the majority of the 
hunter-gatherer archaeological record in Africa, and they are excellent candidates for examining Stone 
Age technological organisation across space (Holdaway et al. 1998). In deposits where surface 
artefacts are dominated by typically MSA approaches to reduction (Goodwin and Van Riet Lowe 
1929), MSA behaviour more specifically can be explored at a landscape scale.  
However, theoretical limitations to understanding MSA behaviour have been compounded by bias 
that exists in in three important practical respects. First, most published data come from stratified rock 
shelter sites which do not represent the places in which foragers spend most of their time (Kelly 
1995). This can in some cases result in misleading depictions of the relative intensity of occupation 
during certain time periods (Hallinan 2013; Mackay et al. In press), as well as a limited understanding 
of the behaviours in which people were most commonly engaged (Dietl et al. 2005; Straus 1990). 
Furthermore, in regions where open site investigations dominate, spatial sampling is often restricted 
through a focus on excavation (Kuman et al. 2005; Tryon 2010; Tryon and McBrearty 2002; Tryon 
and McBrearty 2006; Yellen et al. 2005). A second practical concern is that some regions within the 
vast space encompassed by the MSA remain especially poorly documented. These include well-
watered areas of central and west Africa that likely played important roles in human evolution, if not 
necessarily as refugia then as important subsistence resource zones or mediators of population 
dynamics (Basell 2008; Blome et al. 2012; Trauth et al. 2010).  
The final bias is taphonomic. The durability and the deep antiquity of stone artefact use by humans 
and human ancestors has resulted variously in large accumulations, widely separated scatters, and 
landscapes with fairly continuous artefact distributions. However, intervening post-depositional 
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processes have left an open-air record that has been in many cases erased, displaced, or time-averaged 
(Bailey 2007). The nearly ubiquitous archaeological unit of analysis – the “site” – becomes very 
difficult to define when no clear boundaries are apparent, and it is almost impossible to arrange 
palimpsests of surface scatters into an overall chronosequence.  
In this paper we address these issues by presenting survey data on lithic cores that, based on their 
form and methods of reduction, are deemed likely to be of MSA antiquity. These artefacts were 
observed through systematic survey on the surface of deposits in a poorly-known area in the African 
Great Lakes region of central Africa – the Karonga District of northern Malawi. Here, we set aside the 
problematic notion of “site”-based analysis and examine the archaeological record from the 
perspective of artefact distributions and the characteristics of those artefacts over space (Dunnell 
1992; Foley 1981; Holdaway et al. 1998). We assess the diversity of core forms across the landscape, 
and explore the relationship between cores and lithic resources with the objective of better 
understanding MSA technological organisation, planning, and the responsiveness of MSA hominins 
to resource structure. While the time-averaging problems mentioned above inevitably complicate the 
identification of specific past land use strategies, this approach, oriented as it is around resources 
which shift at geological timescales, provides us with the best opportunity to extract valuable 
information about MSA behaviour from the dominant archaeological dataset in the region.   
Background 
Description of Study Area 
Tackling landscape-scale questions of human behaviour demands a particular set of conditions 
(Fanning and Holdaway 2001; Fanning et al. 2009; Holdaway and Fanning 2008; Holdaway et al. 
2000). First, large quantities of artefacts must be exposed with some ability to assess the extent to 
which they may have been displaced from their original locations of discard. This requires local 
geomorphic processes to be well-understood and attributes of artefact weathering to vary with the 
degree of transport and exposure. Second, there must be variability in resource distribution across the 
landscape that may have caused people to make adjustments to land use and artefact reduction 
strategies. In the context of most Stone Age research, these resources must be of a nature that can be 
extrapolated back into time periods as remote as the Middle to Late Pleistocene (e.g. stone resources, 
entrained water courses, major topographic features, and reconstructed vegetation). Finally, the focal 
study region must contain this variability within a sufficiently small area to be logistically feasible for 
investigation. The Karonga District in northern Malawi meets all these criteria. 
In the 1960s, the Chitimwe Beds in the Karonga District were a main focus of archaeological research 
in Malawi (Clark 1966; Clark et al. 1970; Clark and Haynes 1970; Clark et al. 1966). Although Later 
Stone Age (LSA) and Earlier Stone Age (ESA) materials have been reported, early work recognised 
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that the majority of finds in the region had techno-typological affinities to the MSA (Clark 1966; 
Clark and Haynes 1970). Today, through the Malawi Earlier-Middle Stone Age Project (MEMSAP) 
this has been confirmed and the Chitimwe Beds remain the primary source of information about the 
MSA of Malawi (Thompson et al. 2012; Thompson et al. 2013a; Wright et al. 2014).  
Lithic artefacts are abundant on the surface at many places in the District, which encompasses a land 
area of 3757 km
2
. The Chitimwe Beds themselves are restricted to a strip of land near the shores of 
Lake Malawi, measuring approximately 90 km from north to south and 10 km from east to west 
(Figure 1). They are discontinuous in extent, and cover an area of 83 km
2
 according to existing 
geological maps. Pliocene lacustrine/near-shore sediments known as the Chiwondo Beds 
unconformably underlie the Quaternary sediments to which the Chitimwe Beds belong (Kaufulu et al. 
1981). Survey by MEMSAP between 2009 and 2012 found that MSA artefacts are not restricted to the 
Chitimwe Beds, and indeed occur on other surfaces extending to the northern border with Tanzania. 
In contrast, although Chitimwe Beds are mapped in the southernmost portion of the Karonga District, 
these areas do not appear to have large concentrations of MSA artefacts. The region therefore exhibits 
variability in geological exposures and artefact abundances over relatively short distances and with 
respect to major geophysical features such as Lake Malawi to the east and the highlands that comprise 
the majority of the Karonga and Chitipa Districts to the west.  
In the northern part of the District three large primary river catchments define the landscape (Songwe, 
Lufira, and North Rukuru), while the southern part has several smaller catchments (Figure 2). All 
drain east from the western highlands into Lake Malawi. The Songwe and Lufira are both fifth-order 
rivers, and the North Rukuru is a fourth-order river. South of the town of Karonga the majority of 
rivers are first or second order, with exceptions being the Nyungwe (fourth order), and the Wayi, 
Wovwe, and Hara (third order). In addition to the topographically-defined shorter catchments of the 
southern rivers, annual precipitation plateaus south of Karonga town at ca. 1000mm whereas to the 
north it increases exponentially up to ca. 1800mm (Hijmans et al. 2005). The relatively high rainfall 
and longer catchment distances mean that the three northern rivers have more potential to bring a 
diversity of lithic raw materials into the nearshore system than do the shorter rivers to the south.   
The geological characteristics of each catchment are also important in considering the availability of 
lithic raw materials and thus for technological decision-making. Although cobbles suitable for making 
stone artefacts are present in all river systems and in some cases along extensive terraces, preliminary 
survey shows that they have different raw material compositions. Specifically, the lower part of the 
North Rukuru catchment benefits from input of large, high-quality quartzite cobbles that likely derive 
from exposures of the Sungwa Beds that are today limited to this catchment. The Sungwa Beds are 
conglomerates associated with older Dinosaur Bed deposits and occur only in this part of Karonga, 
although it is possible that in the past the exposures were more extensive and today exist only as 
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remnants. Because fresh water and stone for tool manufacture were important resources for Stone Age 
foragers that had the potential to leave long-term signatures still visible on the modern landscape, 
Karonga is an ideal location to test hypotheses about variability in land use strategies over space.  
Theory and Hypotheses 
Lithic artefacts provide a valuable source of information about past human land use and decision-
making though studies of the organisation of technology (Binford 1980; Nelson 1991). The approach 
has its roots in the development of optimality models for foraging behaviour relative to resource 
distribution, developed in the latter half of the 20
th
 century (Torrence 1989). The predicate of an 
organisational approach to technology is that sources of material for the manufacture of artefacts 
(toolstone) are unevenly distributed and do not necessarily occur in concert with the locations at 
which tools are needed. Given the mobility of past tool-using groups and the relatively rapid 
consumption of transported tools, the spatio-temporal disconnect between opportunities to make new 
tools and the circumstances requiring their deployment presents a problem which mobile foragers 
overcome by means of provisioning (Kuhn 1995). This is ultimately reflected by patterning in the 
distribution, reduction, and curation of stone artefacts (Andrefsky 1994; Bamforth 1986; Bamforth 
1991). Examining technology from the perspective of provisioning allows insights into the planning 
of past tool-using groups as they moved across landscapes.   
In this study we focus on the distribution and technological characteristics of cores and raw material 
sources. We chose cores for two reasons. Practically, selection of cores significantly restricts the total 
number of artefacts necessary to analyse, which in turn allows a greater breadth of landscape coverage 
(if cores account for ~5% of artefacts our survey coverage would have been limited to one twentieth 
of that presented here). Cores may also illustrate the degree of reduction in technological systems 
more fully than individual flakes (Clarkson 2013), and thus on their own provide considerable insights 
into the land use organisation and to some extent the planning strategies of Pleistocene foragers in the 
Karonga District. Cores are frequently more techno-typologically distinct than flakes, which raises 
our level of confidence that the data are almost exclusively relevant to MSA approaches to reduction. 
The decision to focus on cores, however, places significant constraints on our assessment of past 
behaviours, which we discuss further below.  
Theoretically, cores provide a fairly specific set of information about past decision-making. Cores in 
most cases represent tool-making potential, rather than tools per se. Transportation of cores thus 
operates as a buffer against the possibility of foragers being situated without tool-making potential at 
some point in their impending subsistence activities. This possibility may arise either through 
predictable or unpredictable outcomes associated with future movements, remembering that 
provisioning always occurs in anticipation of use (Kuhn 1992). Where foragers can anticipate 
occupation of a location that provides insufficient toolstone for the tasks anticipated, cores may be 
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transported as a means of provisioning that location with tool-making potential – a strategy known as 
place provisioning (Kuhn 1995). This strategy alleviates the need for on-going time spent in 
acquisition of stone. Alternatively, cores may be transported when the next opportunity for acquisition 
of stone is unknown or unknowable. Under such circumstances cores may form part of the 
individually-transported toolkit, a strategy known as individual provisioning.  
Transportation of cores to meet either well-known or unknowable contingencies is expected to be 
manifested in different ways. Where future activities can be effectively anticipated, place provisioning 
may limit the need for conservation of transported cores (Mackay 2005; Parry and Kelly 1987; Riel-
Salvatore and Barton 2004). This may result in accumulations of cores at locations away from 
toolstone, the utility of which has generally not been maximised. On the other hand, where cores are 
transported as part of an individual’s mobile toolkit we expect them to be suitable to on-going 
maintenance allowing continued removal of flakes until the core can be replaced (Bleed 1986; Nelson 
1991). Effectively, cores will be curated. In contrast to place provisioning, discard of individually-
provisioned cores is expected to occur where they can be replaced – that is, at sources of stone 
(Binford 1979). This may result in an accumulation of heavily reduced (and probably non-local) cores 
and lightly reduced cores made on local stone (Gramly 1980). Cores chosen for transport are also 
more likely to be made from fine-grained, predictably fracturing rock to maximise the potential utility 
of transported mass. 
A third possibility is that cores are not transported. Under these circumstances we expect that cores 
would be reduced to produce flakes and be discarded at or near sources. Assuming that not all 
foraging activities necessarily also occurred at precisely these spots, non-transport of cores implies a 
system focussed almost solely on individual provisioning with flakes and flake-based tools. The 
resulting signal would be different from either of the two outlined above in that cores will occur at 
sources of stone, that rocks used will be exclusively local, and that there will not be a mix of heavily 
reduced (curated) and lightly reduced cores – the latter should dominate.  
The possibility of non-transport of cores highlights the limitations associated with the fact that we did 
not include flakes in our data collection. If provisioning was oriented strongly or solely towards the 
transport and maintenance of flakes and flake-based tools then our capacity to understand the details 
of this system beyond inferring it from cores is restricted. Whether, to what extent, and how flakes 
were maintained, where they were discarded, and what they imply about the spatial range of foraging 
tasks are issues beyond the present study, but we return to this problem in our discussion. 
Chronological Issues 
An issue common to open site investigations, and particularly those in erosional landscapes, is the 
well-remarked palimpsest problem (Bailey 2007): multiple and often quite different time periods can 
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be represented in a single artefact accumulation. While MEMSAP has made it a priority to understand 
the geomorphic landscape dynamics of the Karonga district, the present study is based on finds from a 
variety of erosional contexts across the region, over only some of which we can exert a degree of 
control.  
In many regions a degree of relative temporal control can be achieved with reference to artefact types 
known from stratified contexts to have a limited temporal distribution (Bretzke et al. 2011; Conard et 
al. 2010; Kandel and Conard 2012; Olszewski et al. 2005). This level of resolution currently has 
restricted utility in Malawi where a control sequence is still under construction by MEMSAP, but 
there is substantial consistency in the core data that are presented here in the sense that most reflect 
core systems – specifically disc, discoidal and Levallois forms of reduction – which probably, though 
not exclusively, relate to the MSA sensu lato. Such tool technology has earliest minimum ages of 
origin in eastern Africa at ca. 284 thousand years ago (ka) and in southern Africa at ca. 464 ka (Porat 
et al. 2010; Tryon 2006). The end of the MSA is also variably dated across Africa, and depends on if 
it is defined by the presence of key cultural elements (Ambrose 1998), or by the disappearance of 
radial and Levallois technology. If it is defined by the latter, then some of the latest indications are in 
South Africa at around 20 ka (Clark 1999; Mitchell 1994; Opperman 1996) and in Karonga at around 
22 ka (Wright et al. 2014). Given these observations the majority of the core data presented in this 
paper likely date coarsely to between ca. 500-20 ka.  
This inference is supported both by the resemblance between our open site cores and those we 
recovered through excavation as part of larger assemblages dominated by disc and discoidal reduction 
(Thompson et al. 2012; Wright et al. 2014), and by the correspondence between the known time range 
of the MSA and our established ages for landscape formation in the area. Because few organic 
materials are preserved in the alluvial fan system that comprises the Chitimwe Beds, the primary 
means of landscape dating has been optically-stimulated luminescence (OSL). Preliminary results 
indicate that alluvial fan formation began prior to ~100 ka, and unweathered forms of MSA artefacts 
post-date this (Thompson et al. 2013b). Deposition continued until ~5 ka, but these upper sands 
significantly post-date the facies containing in situ MSA artefacts, which have been dated to between 
~20 – 60 ka at two sites (Wright et al. 2014). Although most MSA deposits around Karonga town 
appear to date to the latter half of the Late Pleistocene, a handaxe from a buried deposit in the Sadala 
South area (between the North Rukuru and Ruasho catchments) supports Clark’s (1970) observation 
that Earlier Stone Age materials are rare, deeply buried, and restricted to areas south of Karonga town. 
Because these sites, and other MSA sites in Africa, lie beyond the range of OSL dating, cosmogenic 
burial dating is currently underway for three different parts of the fan system. 
The limitations of our available chronological controls pose obvious problems for the hypothesis we 
have presented above. Specifically, there is no reason to assume that a clear signal or signals for any 
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given provisioning system will be identifiable given time averaging over tens of thousands of years. 
Even variation at the scale of hundreds or thousands of years may require significant strategic shifts 
that may, in the context of palimpsests, present a fairly chaotic picture of technological organisation. 
We return to this issue in our discussion. 
Methods 
Survey Methods  
Inspired by the studies by Olszewski et al. (2005) and Chiotti et al. (Chiotti et al. 2009; Chiotti et al. 
2007), methods of survey and analysis were trialled in a pilot study in 2011, then fully implemented in 
the present study in 2012. The survey reported here was conducted in the North Rukuru, Ruasho, and 
Remero River catchments, as well as two small neighbouring geologically mapped exposures of the 
Chitimwe Beds areas known as Sadala North and Sadala South (Figure 3). The surveys were executed 
by two people with 2 to 3 metre spacing. The starting points for survey transects were where 
Chitimwe Beds appeared on geological maps. These areas were also the focus of the MEMSAP 
geological team, which provided feedback about the geomorphic setting of the surveys as they 
progressed. Over the course of the survey approximately 0.14 km
2
 of land area was directly observed 
along the linear transects, of which 0.04 km
2 
was mapped Chitimwe Beds. 
To understand the archaeological deposits relative to their depositional setting, artefacts were coded at 
their find spots along specific transects, which were in turn defined by specific landform types, such 
as range tops, slopes, or river flats (Table 1). A basic geomorphic description of the depositional 
context of each track was also specified, as well as cobble distributions and quantities. A handheld 
GPS was used to map the survey transects and locations of analysed cores. For each transect the 
percentage of visibility of the surface of the landform area was determined, as well as the percentage 
of exposure of the artefacts, which indicates what one would expect to see on the surface of the 
landform if the visibility was perfect (e.g. as a measure of erosion).  
This system of archaeological surveying has been usefully applied to both surface and subsurface 
lithic materials in Australia where landforms are expected to affect both initial artefact distribution 
and subsequent post-depositional movement (Department of Environment 2010; White and 
McDonald 2010). Care was taken to record the artefact and transect attributes without straying from 
the transect itself. For example, if a large concentration of artefacts and cobbles was found, cores and 
artefacts outside the survey path were not recorded. In this way, comparisons could be made regarding 
characteristics of stone artefacts across the survey transect without adding undue bias from areas 
where artefacts were concentrated.  
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Description of Artefact Attributes 
In our analysis of core form we combined metric, ordinal and typological data to understand both 
systems and extent of core reduction (Table 2). Metric data included core weight and core size 
(maximum dimension) while ordinal data included measures of cortical coverage, number of scars, 
number of platforms and percentage of perimeter flaked for cores organised around two hemispheres. 
The typological scheme used during the Karonga surveys is partly adopted from the analysis system 
developed by De Loecker and Schlanger in De Loecker (2006), in which the core typology is mainly 
based on Hutcheson and Callow (1986) and Isaac (1977).  
Some clarifications and definitions are necessary regarding the typology of the cores. Core types are 
almost never “typical”, and different stages in one core reduction sequence could possibly represent 
different “types” as interpreted by an archaeologist (Dibble 1995). Pilot survey in 2011 formed the 
basis for the list of types that was used in the present study. To make a clear distinction between types 
we have attempted to keep the list limited to the most important and distinctive types encountered 
during the surveys, with the main goal being to make a distinction between radially knapped cores, 
non-radially knapped cores with one platform, and other core types with two or more platforms (Table 
2).  
Cores with a pattern of radial/centripetal flake removals were subdivided into Levallois, disc, and 
discoidal. Such core types can resemble different methods to produce flakes from cores. However, 
this does not necessarily mean they are always distinctive and separate methods (Baumler 1988). 
Many studies exist on the subject of cores made with the Levallois method (Bar-Yosef and Dibble 
1995; Bordes 1961). Specific types of Levallois cores – such as Levallois point cores (Bordes 1961) – 
discovered during the survey were noted in the remarks. The other cores with a radial pattern are 
categorised as disc or discoidal. These cores are different from Levallois because they do not show 
one or more relatively large flake scars at the end of the flaking sequence. Furthermore, disc and 
discoidal cores have a more spherical striking surface than Levallois cores, which show a flatter 
striking surface.  
Cores without a radial pattern and one platform around a perimeter were identified by the number of 
platforms. The typology of cores with two or more platforms depended on the direction(s) and face(s), 
from which flakes were removed. Cores with one platform were divided into prismatic, bifacial and 
unifacial cores. Although cores with blade (Crabtree 1972) or bipolar (Kuijt et al. 1995) methods were 
not encountered during the 2011 pilot survey, they were included in the typological scheme with the 
objective of assessing presence of technological variation, and, ideally, any spatial patterning that it 
might exhibit.  
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Description of Lithic Raw Material Resources 
To obtain data on the possible lithic raw material resources in the different river catchments and their 
distributions relative to cores, unmodified cobbles (found along the same transects as the analysed 
cores) were characterised according to material type, quality, and size (Table 3). In each surveyed 
transect, when artefacts and/or Chitimwe Beds were encountered several samples of 10 unmodified 
cobbles (≥ 10 cm) each were taken. If possible, at least one sample of cobbles was measured and 
analysed from every landform. Each cobble was broken to determine the type of material, crystal size, 
and abundance of flaws. 
Spatial and Statistical Analysis 
All transect, artefact, and raw material data were entered into a GIS database that included 
topographic, hydrologic, and geologic data (Thompson et al. 2013a). River catchments were defined 
using the ASTER DEM as the topographic base and the catchment analysis tools in ArcGIS. Survey 
transects were entered directly as tracks from the GPS with associated attributes based on Table 1 so 
that their precise lengths and paths could be captured. Cobble samples and artefacts were entered as 
points with their associated attributes based on Tables 2 and 3.  
Use of the GIS allowed for characteristics recorded directly from cores, for example degree of 
weathering, to be spatially associated with landscape characteristics such as slope or geology. Data 
from the transects, artefacts, and cobbles were then subjected to a series of nonparametric statistical 
analyses to better understand correlations between variables (Spearman’s Rho), trends across space 
(Chi-squared test for trend), and differences in proportions between two populations (Fisher’s Exact 
Test). Patterns in core clustering were explored using radial distance measures. Distance to next 
values for single cores were calculated as the radial distance in metres from any core to the next, 
nearest core. Distance to next four values for cores were calculated as the minimum radial distance in 
metres from any core required to encompass at least four other cores, and thus radial values for 
clusters of five cores. 
In a material-rich landscape, incentives to transport tool-making potential are necessarily restricted. 
These facets of the spatial analysis allowed us to understand the correlation between cores and sources 
of raw material and the degree to which cores were clustered or isolated. Where locations poor in raw 
material were provisioned these analytical methods should reveal clustering of non-exhausted cores in 
places not predicted by raw material availability. Where individuals were provisioned with cores these 
methods should demonstrate a pattern of both isolated and clustered core discard, the latter featuring a 
mix of non-exhausted local and heavily reduced non-local cores at locations of raw material 
availability. Where cores were not transported at all we would expect a strong correlation between 
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cores and raw materials, and potentially a mix of isolated and clustered cores as sources were either 
systematically or opportunistically exploited. 
Results 
Survey began in the North Rukuru catchment and continued south, sampling a variety of landforms 
for a total survey length of 28 km and assuming a visual/sampling path approximately 5 m wide 
(Figure 3). 13.3% of the total survey was conducted in the North Rukuru catchment, 24.7% in the 
Ruasho catchment, 31.8% in the Sadala area, and 30.2% in the Remero catchment. A total of 280 
cores was recorded, as well as a sample of 501 unmodified cobbles. Of the recorded cores, 230 cores 
were Levallois, disc, discoidal, or otherwise hemispherically-arranged, lending further support to our 
inference that the data predominately reflect time-averaged patterns of MSA land use (Table 4). Data 
regarding the distribution of transects and basic core and cobble attributes by landform are provided in 
Table 5.  
Artefact distributions, transect attributes, and landscape processes 
Land surface visibility does not appear to affect the numbers of cores that were able to be recorded 
(Rs = 0.1146; p = 0.5492), nor does artefact size (Rs = -0.0261; p = 0.6606). This is likely because 
ground surface visibility never dropped below about 20%, and because the focus was on cores – 
which tend to be larger than most flakes. However, exposure has a very strong effect on core 
recording. There is a highly significant correlation between the estimated degree of exposure and the 
number of cores that were recorded from the different transects (Rs = 0.5777; p = 0.0009). Artefact 
size is also weakly but significantly correlated with exposure (Rs = 0.1633; p = 0.0067). Therefore, 
we expect that the most cores will be available for recording in the most erosive areas, and that larger 
cores will tend to be recorded more often than smaller cores in more eroded areas. There is no 
correlation between the estimated number of cobbles per m
2
 and exposure, suggesting that cobble 
deposits are not restricted to erosive settings (Rs = 0.2088; p = 0.2636). 
Cores in the survey show a strong tendency to cluster together. Half of all cores occur within 7m of 
another core, and 75% within 14m of another core (Figure 4). Only 10 of the 280 cores occurred more 
than 50m from the next core, with the three most isolated pieces being 200-260m away from any 
other. The radial values for clusters of five cores have the same heavily right-skewed distribution as 
“distance to next core” values, with half of cores found to occur within a 26m radius of four other 
cores and 75% found to occur within 52m of another core. The distribution of cores was thus highly 
uneven across transects (Figure 5). 
Assessing the overall strength of the relationship between cores and cobbles across catchments is 
somewhat complicated by the strict linear survey method we used. If cobbles were observed outside 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
13 
 
the transect line, then they were not sampled. In spite of this we still found a significant relationship 
between distance to cobbles and core clustering expressed as radial distance to the nearest four cores 
(Rs = 0.408; p = 0.0001). Core clustering thus appears to be positively related to cobble proximity. 
The extensive nature of the survey also made it possible to assess core distributions relative to 
different underlying geologies. Although the presence of Chitimwe Beds guided the initial survey 
locations, artefacts were found on a variety of geological substrates. Use of the GIS allowed some 
quantification of where survey transects fell relative to mapped geology. Geological maps at the best-
available 1:100,000 scale were digitised and the survey tracks overlain upon them. In order to 
compensate for potential offsets in true locations of geological units caused by the relatively coarse 
map scale, buffers were constructed around each relevant unit at intervals of 50m, 100m, 150m, and 
200m (Table 6). This resulted in 25% of all cores falling within a 200m radius of Chitimwe Bed 
exposures (also see Figure 3). 
Attributes of cores and cobbles 
In the most northern catchment (North Rukuru), quartzite was by far the dominantly used raw 
material for the production of stone tools. Quartzite cores were also extremely common in the Sadala 
and Ruasho areas, while the Remero area, located much further south, had approximately equal 
amounts of quartz and quartzite cores (Figure 6). A Chi-squared test for trend confirms that there is a 
significant trend for increasing representation of quartz in the cobbles as one moves from north to 
south (df = 1; X
2
 = 12.315; p < 0.001). This pattern remains significant when the data are extracted 
into six smaller spatial units to more closely examine it: North Rukuru, Sadala North, Sadala South, 
Ruasho, Remero, and Remero South/Nyungwe (df = 1; X
2
 = 22.005; p < 0.001). Within this trend 
there are also clear areas where the proportion of quartz is much different from other areas (Figure 6), 
with a distinct change in the Remero catchment in how this is translated to different raw material use 
in core reduction.  
Visually, it is apparent that in most catchments quartz was used very little as a raw material, even 
when it was present in large proportions of cobbles. This is particularly apparent in Sadala South, 
where 98.3% of all sampled cobbles, but only 15.4% of cores, were quartz. However, in the 
southernmost sampled areas (Remero and Remero South/Nyungwe), the proportion of cores produced 
on quartz cobbles undergoes a sharp increase in conjunction with an increase in quartz cobble 
abundances (Figure 6). Only 9.4% of all cores analysed north of the Remero are on quartz, in contrast 
to 53.3% of cores in the south. Fisher’s Exact Test shows this to be highly significant (p < 0.0001). 
Correspondingly, the difference between the proportion of cobbles on quartz in the north (56.6%) and 
south (76.0%) is smaller, but still highly significant (p < 0.0001).   
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Both cores and cobbles located in the North Rukuru catchment are generally larger than those from 
the other areas (Table 7). In this area, almost no cores measure below 60 mm in the maximum 
dimension.  In the other survey areas smaller and lighter cores occur more often, in particular in the 
Remero area, where quartz is much more common than quartzite. It is notable that the average weight 
for quartzite cobbles is heavier than quartz cobbles in the North Rukuru, but not in the other survey 
areas. The North Rukuru is the catchment that contains the remnant Sungwa Beds conglomerate, 
which is the likely source for larger quartzite cobbles. In the Remero area the cobbles are thicker, and 
relatively somewhat less elongated, compared to those of the other areas. The cobbles as well as the 
cores are thinnest in the Sadala and the Ruasho areas (Table 7). There are also differences in 
angularity of the raw materials. Overall, only 24.8% of quartz cobbles are classified as angular or sub-
angular, whereas 56.7% of other raw materials fall into these classes. Fisher’s Exact Test finds this 
difference highly significant (p < 0.0001), indicating that quartz more often comes in smaller, rounder 
packages.  
Nearly all cores in the survey areas were made on stone with fine- or medium-sized crystals. Only a 
small percentage (roughly 10%) in each of the four areas was fine-grained. When quartzite and quartz 
cobbles are compared, the Remero catchment again shows some striking differences to the other 
survey areas (Table 8). Remero quartz cobbles are more often medium crystal sized, and in some 
cases even fine sized, while in the other areas no fine grained quartz occurs. Cores displaying more 
than 25% flaws, such as mottles, large coarse fragments, and natural fissures, were generally very 
rare. Core raw materials mainly show between 1 and 12% flaws, and there are no major differences 
between the four survey areas. The cobbles in all areas have varying amounts of flaws. More than half 
of the quartz cobbles from the Sadala and Ruasho areas show a percentage of flaws of 50% or more, 
while just below 10% of the quartzite cobbles have such amounts of flaws (Table 8). Overall, these 
results confirm that quartzite in the northern catchments is of better quality and larger package size 
that quartzite in the southern catchments. In contrast, quartz is of higher quality for flaking in the 
southern catchments than it is in the north.  
Core reduction strategies 
We recognised surprisingly little diversity in core form and reduction systems across the study area. 
The patterns of flake removals on cores are generally radial, hence they were typologically 
categorised as Levallois, disc, or discoidal cores (Table 4 and Figures 7 and 8). Discs are dominant in 
all survey areas, however in the Remero catchment somewhat fewer discs exist, due to relatively more 
discoidal cores. Levallois cores exist in all survey areas, though only in small numbers. In every 
catchment area some Levallois flake cores were found, while only in the North Rukuru catchment 
were two Levallois point cores encountered. Blade and bipolar cores were absent and one prismatic 
core was discovered in the Ruasho catchment.  
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All recognised cortex was from cobbles. On the cores from the four survey areas, usually between 
25% and 75% of the surface area consisted of cortex. Cores which were knapped in such a way that 
the original outer surface was completely gone were very rare, and even totally absent in the North 
Rukuru catchment, but more common in the Remero area. When a distinction is made between the 
upper and lower hemisphere, the core reduction strategy was in most cases aimed at removing flakes 
predominantly from one hemisphere of a core, which was used as the striking surface (Table 9a).  
This pattern is similar on the cores from all four survey areas, reflecting the surprising homogeneity of 
approach noted earlier.  
The number of platforms also did not vary between the survey areas or catchments. Cores with two or 
more platforms were not common in any of the four survey areas (Table 9b). Single platformed cores 
clearly dominate in all catchments, which most often consist of one large platform around the 
perimeter of a round/oval cobble, reduced in a radial centripetal pattern as described above. In every 
survey area, these cores often show signs of knapping along much of their perimeters; this is 
particularly apparent in the Sadala area (Table 9c). However, in every survey area a substantial 
number of cores exist where only about half or even less of the perimeter shows flaking, after which 
the core was discarded. After single-platformed cores with a radial pattern, other single-platformed 
types (divided into bifacially and unifacially knapped cores, but again with a preponderance of 
preferential working on one hemisphere) were reasonably common (Figure 8). In general, these cores 
show less flaking around the core perimeter than for example the discs. Multiple-platformed cores are 
present in all survey areas, however only in small numbers (Figure 8). These cores generally show 
many flake scars and barely or no cortex remains at all.  
The number of scars (or at least the ones still visible on the core) can provide information on the 
extent of reduction of the core. The average number of scars on the cores per survey area from north 
to south steadily declines from 10.3 (North Rukuru) to 9.2 (Sadala) to 8.3 (Ruasho) to 7.7 (Remero). 
By dividing the cores into those with ten or fewer scars and those with more than ten scars, a Chi-
squared test for trend could be performed, and shows that the observed trend is highly significant (df 
= 1; X
2
 = 17.353; p < 0.001). When the data were further subdivided into the six smaller survey areas 
also analysed in the section on raw materials, the trend remained significant (df = 1; X
2
 = 18.412; p < 
0.001). Thus, the fact that cores in the north bear more scars than those in the south is a trend, and not 
simply reflecting major differences between the extreme north and south catchments.  
Reduction measures such as core weight, the number of scars, and the amount of cortex exhibit 
relationships to both raw material crystal size and flaws. There is a weakly positive but highly 
significant correlation between the weight and the flaw score for cores (Rs = 0.404; p = 0.0001), a 
weakly negative correlation between number of scars and flaws (Rs = -0.2352; p = 0.0001), and a 
weakly positive and significant relationship between the amount of cortex and flaws (Rs = 0.3151; p = 
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0.0001). Crystal size also weakly predicts weight at discard (Rs = 0.224; p = 0.0001) but is less of a 
predictor of the amount of cortex (Rs = 0.1309; p = 0.0274), and does not predict the number of scars 
(Rs = -0.0471; p = 0.4351).  
Interestingly, core clustering when measured as radial distance to next four cores had no appreciable 
effect any of our measures of core reduction: core weight (Rs = 0.075; p = 0.211), cortex class (Rs = 
0.053; p = 0.373) or number of flake scars (Rs = -0.044; p = 0.467). In areas where cores are 
uncommon they are no more likely to be heavily reduced than in areas where cores are relatively 
abundant. Comparing only the most isolated 10% of the cores (those >29 m from the next core) with 
the remainder of the sample we find that there is no significant difference in mean weight (meanmost 
isolated = 218.1, meanelse = 251.3; p = 0.453), mean cortex group (meanmost isolated = 3.33, meanelse = 3.28; 
p = 0.789) or mean number of flake scars (meanmost isolated = 8.85, meanelse = 9.11; p = 0.733). Cores as 
they appear in isolation thus seem little different from those found in clusters. Equally, distance to 
cobble beds, though it affects core frequency, does not affect core reduction. Neither weight (Rs = 
0.17; p = 0.779), cortex class (Rs = -0.007; p = 0.910) nor number of scars (Rs = -0.018; p = 0.764) 
show any relationship to distance to sampled cobbles. 
Discussion  
The goal of this study was to better understand human land-use and technological organisation in the 
Karonga district during the MSA through the lens of provisioning and the application of extensive 
surface survey and GIS. The limitations of this approach were a lack of chronological control in an 
erosional landscape and the resulting palimpsest problem with its potential to obscure temporally-
mediated spatial patterns. Our results display impressive consistency in spite of this, suggesting that if 
changes over time occurred, they were insufficient to register as distinct signals. This implies that 
overall patterning is not the result of different strategies that have been time-averaged, but rather 
shows consistency in strategies over the potentially multiple time periods that are represented.  
A surprising result of the GIS analysis was that although focus was placed on surveying exposures 
with Chitimwe Beds, these mapped deposits actually contained some of the lowest estimates of cores 
per m
2
. In contrast, gneiss bedrock had much higher than expected estimates of core quantities. This is 
likely because most of the cores analysed from bedrock deposits were from the North Rukuru survey, 
in an area where mapped bedrock is blanketed with a veneer of cobbles in colluvial and proximal 
alluvial fan settings. Cores from this survey show relatively high amounts of weathering and are on 
average larger, further supporting the inference that they represent part of a lag deposit rather than 
cores manufactured after the fact on top of a lag deposit. 
A possible explanation for the apparent paucity of cores in the surveyed Chitimwe Beds areas comes 
from geomorphic observations and archaeological excavations near the town of Karonga (Thompson 
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et al. 2012; Wright et al. 2014). These studies have established that although MSA artefacts occur 
abundantly within the Chitimwe Beds, they are commonly deeply buried in the upper sands. When 
they erode, they frequently do so from the shoulders of local topographic highs and lag onto a 
cobble/pebble base, onto indurated parts of the profile such as iron pans, or into gullies incised into 
the softer underlying Pliocene lacustrine sediments, known as the Chiwondo Beds. This scenario is 
consistent with the survey data on exposure, as well as the artefacts themselves. Cores from the 
Chitimwe Beds had the smallest average degree of weathering and large numbers of them were 
recorded from the surface of the Chiwondo Beds in spite of the fact that they have never been found 
from within these Beds (Juwayeyi and Betzler 1995). These results show that cores found in the 
vicinity of Chitimwe Bed exposures, which occurs frequently, have not been moved severely due to 
natural processes.  
We noted not only a strong tendency for cores to cluster together across the study area, but for those 
clusters to relate spatially to the distribution of cobbles. The composition of core assemblages was 
also highly sensitive to variability in the composition of lithic resources. The north-south trend of 
increasing quartz in cobbles was matched by an increasing prevalence of quartz in cores. While the 
spike in quartz core prevalence in the Remero exceeded expectation based on its frequency in cobbles, 
this excess is probably explained by the higher quality of quartz in the Remero.  
Though neither distance to source nor core clustering influenced core reduction, measures of quality 
such as number of flaws, crystal size, and cobble shape were clearly important considerations to past 
knappers. The prevalence of cores made of fine grained rocks with few flaws far exceeded the 
prevalence of these characteristics in cobble assemblages. Thus, while knappers invariably made use 
of what was locally available at or near the source they were selective in what they reduced and the 
extent to which they reduced it.  
Cobble size and raw material changed from north to south, particularly when the Remero catchment at 
the far south of the survey area is contrasted with the other areas. Raw material constraints here are 
reflected in the degree and manner of reduction. In the Remero, quartz was more common, cobble 
sizes were smaller, and the increase in quartz cobbles meant that raw materials in this area came in 
rounder packages, which offer fewer natural platforms and are more difficult to reduce than more 
angular materials. Correspondingly, cores were found to have fewer scars but more discoidal patterns 
of removal. These constraints led to apparent contrasts; for example, the Remero has the most cores 
where cortex has been completely removed, and yet has one of the smallest incidences of ten or more 
scar removals. This pattern of artefact reduction in accordance with its geological abundance and 
“package” size was also noted by Tryon et al. (2008) for the MSA of the Kapedo Tuffs of the northern 
Kenyan Rift.  
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However, another important finding that is not replicated in the Kapedo Tuff sites, or indeed in many 
other parts of Africa, was the lack of diversity in core form and reduction systems. The vast majority 
of cores we identified were characterised by a limited range of approaches to flake production in 
which single platforms were radially worked with or without hierarchy of hemispheres but with little 
or no emphasis on preferential products. We saw little clear evidence of blade production, point 
production or bipolar working. To this we might add that we observed no handaxes or bifaces of any 
other form, nor any retouched points or backed pieces.  Clark et al. (1970) also found these forms to 
be exceedingly rare in the area.  
Given the variability in core forms in other parts of Africa through the later Pleistocene the 
consistency of core reduction in our sample seems quite remarkable. Does the lack of variability 
reflect a constricted age range for the land surfaces that were sampled? This seems unlikely given the 
dynamic nature of the local geomorphology and the range in preliminary ages obtained for formation 
of the alluvial fan system. Alternatively, does it genuinely reflect highly conservative approaches to 
knapping over extended periods, and if so, what are the underlying causes of this when contrasted 
with the diversity of technologies in surrounding regions? These questions can only be addressed 
through additional work in the region, but they point to the significance of our approach in 
considering the entire landscape rather than focusing on individual “sites”.  
Earlier in this paper we posited a number of potential provisioning scenarios that past foragers might 
have used to ensure supplies of cutting edges as they moved through the Karonga region. The first 
was that cores were used to provision places away from raw material sources to allow extended 
occupancy. We found no evidence to support this suggestion. Generally, cores showed a marked 
tendency to occur near cobble sources and to reflect the characteristics common to their catchment. 
Only in one area was a cluster of cores found any considerable distance from a cobble source, but this 
occurred on a small, isolated transect and the six cores here were not particularly strongly clustered – 
three were within 45m of one another but the other three were separated by 120m.  
The correlation between cores and cobble sources opens up the possibility of provisioning of 
individuals with tool-making potential. This may also be suggested by the disproportionate number of 
cores made on quartzite (relative to the low number of available quartzite cobbles) in survey areas 
north of the Remero. Here, provisioning from the Sungwa Beds in the North Rukuru catchment where 
such materials are abundant may be implied. However, there is no suggestion that such provisioning 
extended into the Remero catchment, approximately 40km south of the North Rukuru. Here, extensive 
use was made of quartz, which was abundant locally and generally of a higher quality than further 
north. Detailed consideration of the data further suggests that extensive individual provisioning with 
cores is unlikely. Our expectation for provisioning of individuals was that heavily reduced and lightly 
reduced cores would be common at cobble beds as transported pieces were discarded and new pieces 
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made. In fact, almost all cores at cobble sources were lightly reduced. This was true of cores across 
the study area.  
The third possibility, and that which seems best to describe most of the data we have presented, is that 
cores were not transported, or at least that cores were neither transported often nor far. Our data are 
generally consistent with extremely “local” behaviour, in which available cobbles were reduced to 
varying degrees but seldom heavily, and discarded at or near the source after the production of a small 
number of flakes. As we noted earlier in the paper, this possibility highlights the interpretive 
limitations associated with focussing strictly on cores, and leaves unclear the issue of whether the 
flakes themselves were transported or whether they too were discarded close to their point of 
manufacture – that is, whether the entire technological system was expedient or only that part of it 
analysed in this study. Evidence for transportation and maintenance of cores as early as the Developed 
Oldowan (e.g., Braun et al. 2008) necessitates that the apparent lack of core transport in our study area 
is bound up with situational variables, and potentially with the transport of predominantly flake-based 
toolkits, rather than the planning depth of MSA hominins in the region. Past studies of modern human 
toolkits have shown that local material abundance generally mitigates against curation under some 
circumstances (Andrefsky 1994; Bamforth 1986). Furthermore, greater investment in complex tool 
production may be linked to increased risk in the environment, such that hunter-gatherers took steps 
to improve the reliability of their toolkits only under adverse environmental conditions (Bousman 
1993; Collard et al. 2005; Read 2008; Torrence and Bailey 1983). Our data might thus simply reflect 
consistently weak incentives to transport tool-making potential in environments where toolstone was 
abundant and where the risk of failing to acquire resources was generally low.  
The tests of this hypothesis will come from future assessment of flake transport in the area, from 
contrasts between assemblages from the cobble-rich alluvial fans studied here and those from the 
more cobble-depauperate landscapes in the adjacent highlands, and from association of the dated 
archaeological materials with the palaeoenvironmental record of the nearby Lake Malawi drill cores 
(Cohen et al. 2007; Scholz et al. 2011; Scholz et al. 2007). Though contemporaneity will be difficult 
to establish in all of these cases, it will be informative at least to test whether the consistency of 
technological form and organisation inferred for this study area hold true when the geographic 
coverage of the surveys has been expanded and more variable areas have been sampled. 
Conclusions 
This study has shown that during the MSA of northern Malawi, methods of core reduction were 
highly conserved and usually reflected local raw material constraints. The dominant patterns of core 
reduction across the study area have techno-typological affinities to the MSA, with 230 of 280 
analysed cores being Levallois, disc, discoidal, or otherwise organised hemispherically. Cobbles were 
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the preferred source of raw material, with quartzite and quartz cobbles dominating. Although both raw 
material types are present throughout the survey area, there are distinct differences between the 
catchments in the overall size, quality, and quantity of these materials. These differences are most 
apparent when comparing the southernmost Remero catchment to the others.  
There is a significant trend for the relative abundance of quartz to increase from the northern to the 
southern survey areas. MSA knappers used the raw materials that were locally available in the 
catchment area. However, they did not do so in direct proportion to the available raw materials. In the 
North Rukuru, Sadala, and Ruasho areas there was a clear preference for fine-grained quartzite, which 
more commonly occurs in larger cobbles. In these areas very few cores were manufactured on quartz 
(a maximum of about 14%), even when the abundance of quartz in the available cobbles was up to 
63%. In the Remero catchment, quartz of finer quality was more common, and correspondingly more 
commonly used. MSA people selected cobbles with fine or medium crystal sizes for the production of 
tools, and if that translated to a different raw material type (in this case quartz), then that type was also 
used.  
Differences in type of raw material do not seem to have influenced the preferred core reduction 
strategies. The dominant method of removing flakes from a core was the same in all four survey 
areas: a radial flaking method of which one hemisphere is the dominant working face from which the 
most and largest flakes are removed, while on the other hemisphere only minor flake scars and 
preparation of the working edge is visible. However, cores in the Remero catchment were more often 
discoidal and have fewer flake scars than those from the northern catchments. This likely reflects the 
fact that cobbles in the Remero catchment tend to be smaller and rounder than elsewhere. 
Cores tended to cluster together, and near cobble sources. Half of all cores occur within 7m of another 
core, and 75% within 14m of another core. There were no discernable differences in reduction 
between isolated and clustered cores, and at cobble find spots cores were not dominated by a 
combination of lightly- and heavily-reduced cobbles. This pattern is not the result of sampling or 
geomorphic bias, as it occurred within transects in each of the surveyed areas. It therefore implies a 
pattern of MSA behaviour in which cores were not regularly transported as part of either place-
provisioning of individual-provisioning strategies. 
This study has revealed catchment-scale patterning in lithic reduction and raw material abundances, 
and enabled hypothesis-testing about MSA behaviour. Significantly, it has also confirmed that the 
MSA of northern Malawi is depauperate relative to the diversity of lithic forms found elsewhere on 
the continent, with highly conserved approaches to lithic reduction that carry across raw material 
types. These results invite further investigation of spatial patterning away from the nearshore areas of 
Lake Malawi, and demonstrated the potential of applying a “non-site” approach to understanding the 
organisation of MSA technology in central Africa. 
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Figure Captions 
Fig. 1 Left: Location of Malawi relative to surrounding countries with topographic SRTM data (higher is ligher 
and lower is darker). The star indicates the location of the town of Karonga (administrative capital of the 
Karonga District). Right: The outline of northern Malawi comprises the districts of Chitipa and Karonga, with 
the Chitimwe Beds (highlighted areas) nearly exclusively located along the eastern margin of Karonga. Detail 
map topographic data from ASTER GDEM, a product of METI and NASA. 
Fig. 2 Named river catchments that drain through Karonga (light grey), with smaller catchments indicated (no 
colour). Stream order is shown with graduated colours. The profile graph shows the sharp decline in 
precipitation south of the town of Karonga (star) along the black line (data from Hijmans et al. 2005). 
Fig. 3 The survey areas and survey transects. The yellow lines with dots are the survey transects; the red areas 
(Plc) are mapped Chitimwe Beds; the grey areas (Pld) are mapped Chiwondo Beds. The light-brown areas (Xs”) 
are Bedrock surfaces. River catchments are shown as black delineations and modern rivers are shown as white 
lines draining predominately from west to east. Areas of steeper slope are shown on the left as highlighted white 
areas.  
Fig. 4 Histogram of minimum distances between cores. Bins are 5 m. 
Fig. 5 Illustration of the distribution of cores along the survey transects. White lines are the survey transects 
overlain upon black and white ASTER data (white is higher). The black dots within the white lines represent 
core find spots. The numbers along the sides of the transects denote average cobble densities (cobbles/m
2
) along 
that transect. Filled light grey areas represent the Chitimwe Beds. 
Fig. 6 Proportions of different raw materials in cobbles and cores per subdivided survey area. Cor = Cores; Cob 
= Cobbles. 
Fig. 7 Drawings of a disc (a) and discoidal (b) core from the North Rukuru catchment, and a drawing of a 
Levallois (c) core from the Sadala area (flat scale in cm). 
Fig. 8 Drawings of a single platformed unifacial (a), single platformed bifacial (b); and multiple-platformed (c) 
core from the North Rukuru catchment (flat scale in cm). 
Table Captions 
Table 1 Attributes of survey tracks 
Table 2 Attributes of core analysis, including references to definitions used for core typology 
Table 3 Attributes of cobble analysis 
Table 4 The core types per survey area 
Table 5 The distribution of transects, cobbles, and cores in relation to different landforms 
Table 6 The survey transects and cores on mapped geological features 
Table 7 Weight and size of cores and cobbles, and angularity of cobbles 
Table 8 Crystal size and flaws of cobbles and cores 
Table 9 (a) Amounts of cortex on upper and lower hemisphere; (b) The number of platforms; (c) The amount of 
flaking on the core perimeter 
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       26 March 2014 
 
Dear Editor,  
 
This letter details final revisions that have been made to our manuscript entitled, “Catchment 
Survey in the Karonga District: A landscape-scale analysis of core reduction strategies during 
the Middle Stone Age of northern Malawi”. We have made every effort to address the 
remaining minor concerns of both reviewers, and these are detailed below. In addition, we 
have also carefully re-read through the entire manuscript for small typographical and 
punctuation errors, and corrected a few cases of odd wording. 
 
Thank you for the opportunity to revise this manuscript, and thank you also to the reviewers 
for their constructive comments and careful attention to detail.  
 
Please do not hesitate to contact us if anything further is required.   
 
Sincerely,  
 
Jessica Thompson 
Alex Mackay 
Victor de Moor 
Elizabeth Gomani-Chindebvu 
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Reviewer #1 
 
The reviewer found the revised manuscript “very important and innovative” and strongly 
supports its publication after attention to a few very minor issues. We also wish to assure the 
Editor that these recommendations have been incorporated into our future work, as the 
reviewer suggests, and we believe that future research in this vein will benefit much from it. 
With respect to this particular paper, we have addressed the final minor concerns as follows:  
 
Substantive Issue #1 
 
Issue: The reviewer notes that we have dealt with the issue of poor chronological control as 
effectively as possible in this revised manuscript, but emphasises that this remains a 
significant issue for future work.   
 
Response: To further recognise the chronological limitations of the dataset, we have added a 
sentence in the Introduction (p. 4), and a paragraph in the section on Chronological Issues (p. 
9) that deals specifically with this problem. We have also added additional consideration of 
how it may influence our interpretation in our Discussion (p. 16). Essentially, what we have 
found is that there is little variability in technological approaches, and that raw material use 
appears to be quite localised. These patterns are quite clear in all the survey areas. So 
whatever changes over time may have occurred, they do not appear to have been sufficient to 
register as a distinct signal. Further, the low degree of diversity these strategies suggests that 
they are not simply different strategies that have been time-averaged. 
 
Substantive Issue #2 
 
Issue: There is conflation of expedient core reduction tactics and the absence of curated stone 
tools, so that on page 18/19 of the previously submitted manuscript the data have been 
misinterpreted as having relevance to the issue of planning depth when in fact complex 
modes of curation may exist and future contingencies may well have been planned by the 
toolmakers.   
 
Response: We feel that the reviewer has to some extent misread our text here. We stated that 
the available data could not be taken to reflect on the planning depth of MSA hominins, and 
was more likely explained by situational variables. Nevertheless, the fact that this can have 
been misread implies a fault with the manuscript that we have now addressed. We have de-
emphasised the concept of expediency in the text, added reference to core transport in the 
Developed Oldowan, and made clearer that our results have no bearing on planning depth (p. 
19). While the reviewer may be right that foragers in Karonga had complex curated 
technologies in the MSA, we make clear in the final paragraph of the Discussion that this 
outcome cannot be presumed and requires testing against further data (p. 19). 
 
Formal Issue #1 
 
Issue: It would be useful to provide more detail about where the research problems, methods, 
and referential frameworks presented with respect to the organisation of lithic technology 
originated. 
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Response: We have added introductory sentences and further citations at the start of the 
section Theory and Hypotheses that serve to highlight the origins and assumptions of the 
organisational approach to lithic technology we use here (p. 6). 
 
Formal Issue #2 
 
Issue: Some references have been converted to British spelling in their titles.   
 
Response: We have corrected the one identified by the reviewer and other errors in the 
citations (eg., Andfresky, W., 1994; Nelson, M., 1991). 
 
Reviewer #3 
 
This reviewer recommends publication with minor revisions. We have addressed these points 
as follows:  
 
Issue #1 
 
Issue: Something needs to be said about the dating problem in the introduction. 
 
Response: This already existed in the statement “it is almost impossible to arrange 
palimpsests of surface scatters into an overall chronosequence” in the Introduction on page 4. 
However, we have now added some text at the end of the Introduction (p. 4) as well as an 
additional paragraph discussing it at the end of the Chronological Issues section (p. 9). 
 
Issue: An estimate should be made of the degree of coverage of our survey based on exposed 
Chitimwe deposits.  
 
Response: We have provided an estimate of the coverage of our survey based on all mapped 
Chitimwe Beds as calculated in the GIS (p. 9). 
 
Issue: If possible, any flake information we have should be used. Hypotheses should also be 
proposed about what the different pattern should be for flakes and cores under different 
curation scenarios.  
Response: Our flake data are currently too partial and any suggestions based on them would 
be speculative, so we are reluctant to extend our discussion of this issue further. We do, 
however, intend to incorporate flake data into all future work that builds on this study. With 
respect to the issue of whether ‘an analysis of flakes may show a different movement and 
curation pattern’, we have discussed broad possibilities on page 7 where we state: “The 
resulting signal would be different from either of the two outlined above in that cores would 
occur at sources of stone, that rocks used would be exclusively local, and that there would not 
be a mix of heavily reduced (curated) and lightly reduced cores – the latter should dominate.” 
We also address this in our statement on page 18/19 that our analysis “leaves unclear the 
issue of whether the flakes themselves were transported or whether they too were discarded 
close to their point of manufacture”. 
Issue: The theory and hypotheses section is an excellent addition, but reads a bit repetitively.  
Response: We have carefully read this section and do not believe it feels repetitive. We have 
also read it in light of the rest of the sections and noted some similarity to our expectations at 
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the end of the Methods section. We have reworded that part of the Methods section to 
emphasise that these are predictions made specifically using our analytical measures. 
Although the expectations are similar, the latter are our explicit hypotheses for different 
provisioning scenarios we presented in the Theory and Hypotheses section. Our revisions to 
the start of the latter section also now introduce the subject matter more fully, and we believe 
this has improved the way it reads overall (p. 6). 
Issue: Adding two additional core areas to increase statistical power is not a valid statistical 
approach. Provide further justification for these designations.  
Response: The data were not subdivided to increase the power of the statistical test, but rather 
to further explore if the trend appears to be the result of a major change from north to south 
or a gradual trend; this is difficult to do using only four subdivisions. Because data can 
always be readily grouped but not easily separated, dissecting this pattern allows more 
flexibility for the reader to further explore it if so desired. The chi-squared test for trend 
shows the same highly significant trend for increasing quartz from north to south no matter 
how many spatial units (e.g. 4 versus 6) are selected. Both test results – those using the four 
original subdivisions and the alternative one using the six subdivisions – are now presented 
together in the revised manuscript on pages 13. The same is done for number of scars on page 
15. 
Abstract The landscape of northern Malawi is defined by several river catchments that drain from the highlands 
at the west into Lake Malawi at the east. Many thousands of Middle Stone Age (MSA) artefacts are present on 
the surface, in particular in areas where sedimentary units assigned to the Chitimwe Beds are exposed. The 
unique configuration of the region and  its exposures makes it possible to address landscape-scale questions 
about MSA behaviour that augment information derived from excavated assemblages. In this study, data are 
derived from initial results of surveys conducted in 2012 which focussed on how lithic raw materials (in the 
form of cobbles) and core technology (in the form of mapped and analysed cores) are distributed across the 
landscape relative to different landforms, geologies, and one another.  These data are used to examine if 
differences in core reduction technology occur in different catchment areas with different raw material 
quantities and qualities, and to test hypotheses about lithic provisioning scenarios. This allows for examination 
of core reduction technologies in relation to raw material sources via surface finds on a larger regional scale 
than usually is possible from excavations. Different catchments show differences in the type and quality of the 
raw material, with higher-quality quartzites occurring in the North Rukuru catchment and declining to the south. 
This is reflected in the types of materials MSA people chose to use for the production of stone tools. However, 
differences in raw material selection and distance from cobbles did not influence preferred core reduction 
strategies, and most cores cluster together near cobble sources. This suggests that throughout the MSA in the 
study area core reduction strategies were highly conserved even while raw material use remained flexible, and 
cores were not regularly transported as part of a provisioning strategy. 
 
Resumé Le paysage du nord du Malawi est caractérisé par la présence de divers bassins hydrographiques des 
rivières qui s’écoulent des régions montagneuses de l’ouest vers le Lake Malawi, à l’est. Des milliers d’artefacts 
de l’Âge de la pierre moyen (MSA) sont dispersés dans ce paysage, en particulier dans les zones où les 
sédiments de Chitimwe Beds sont exposés. La richesse et le caractère unique de ce paysage, permettent de 
soulever de nouvelles questions concernant le mode de vie des hommes de MSA. Ces nouvelles questions 
enrichissent les informations apportées par les fouilles. Dans cette recherche, des données, sur lesquelles celle-ci 
a été basée, proviennent de ‘surveys’ effectuées en 2012 qui avaient pour objectif de découvrir la manière dont 
la matière première lithique (sous forme de pavés) et les industries lithiques (sous la forme de nucléus) sont 
réparties à travers le paysage. Ces données ont été tout d’abord utilisées pour examiner s’il existe des 
différences dans le débitage sur nucléus dans diverses zones à bassins hydrographiques ayant des quantités et 
des qualités de matière première diverses et ensuite pour vérifier les hypothèses concernant les différentes 
options d’approvisionnement lithique. Les résultats mettent en lumière que différents bassins hydrographiques 
laissent entrevoir des différences dans la qualité et la quantité de matière première. Les quartzites de meilleure 
qualité sont présents dans le bassin hydrographique de la rivière North Rukuru mais cette présence diminue en 
allant vers le sud. Ceci est reflété dans le choix du type de matière première fait par les hommes MSA pour la 
production de leurs outils. Néanmoins, les différences dans la sélection de matière première et la distance des 
pavés n’ont pas eu d’influences sur le débitage sur nucléus qu’ils préféraient. Cela suggère de ce fait que tout au 
long de MSA, les techniques de débitage du nord du Malawi étaient hautement conservatives et cela en dépit de 
la diversité de matière première présente et les nucléus n’étaient pas régulièrement transportés comme faisant 
partie d’une stratégie d’approvisionnement. 
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Variables Measurements / categories 
Transect number 001, 002, 003, etc. 
Photo file number(s) Every transect photographed 
Landform 
1) Range top; 2) Upper slope; 3) Middle slope; 4) Lower slope; 
5) Flat land (not part of river or creek flat); 6) Hill (smaller than 
range top, not big enough to divide into upper, middle and 
lower slope); 7) River flat (floodplain); 8) Creek flat; 9) Long 
gradual slope; 10) Short steep slope 
Remarks on landform 
Comments such as: degrees of slope angles measured/estimated 
with a clinometer, incised stream valleys, size of landform, 
which geological characteristics are present on the geological 
map, e.g. Chitimwe, Chiwondo, Dinosaur Beds, etc 
Average percentage of visibility 
of surface of the landform area 
Visibility determined and recorded to the nearest 10 %, taking 
into account grass cover, leaf litter, etc. 
Remarks on visibility 
Comments such as: open patches, field, short or tall grass, trees, 
buildings, water surface, etc 
Average percentage of exposure 
of artefacts 
Exposure estimated to the nearest 10 % as the mean percentage 
of the surface area of the survey where erosion was sufficient to 
reveal objects on the surface of the ground. 
Remarks on exposure 
Comments such as: erosion and other things that can cause 
erosion; agricultural activity, grazing, road disturbance, etc. 
Basic geomorphic summary 
 
1) Bedrock; 2) Lag on bedrock; 3) Lag on sediments; 4) 
Colluvium; 5) Alluvial fan; 6) Floodplain alluvium; 7) Fluvially 
incised sediments / strath terraces; 8) Other 
Cobble distribution 
 
1) Not present / very rare; 2) Evenly scattered; 3) Quite evenly / 
bit aggregated; 4) Aggregated 
Estimated number of cobbles 
 
Per m² 
Other remarks on cobbles 
 
E.g. dominant stone type or angularity; dominant location 
within the transect 
Other remarks on transect 
 
Any other comments 
 
Table 1
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Variable Measurements / categories 
Core size 
Maximum dimension, width, and thickness in mm 
measured with graph paper and/or callipers 
Weight In grams 
Type of material Quartzite, quartz, sandstone, chert, other 
Outer surface (cortex) on the whole 
core 
None, < 25%, 25 - 50%, 50 - 75%, > 75% 
Outer surface on upper hemisphere 
(face with lowest amount of cortex) 
None, < 25%, 25 - 50%, 50 - 75%, > 75%, not applicable 
Outer surface on lower hemisphere 
(face with highest amount of cortex) 
None, < 25%, 25 - 50%, 50 - 75%, > 75%, not applicable 
The number of flaking scars All scars ≥ 10 mm in length and width 
The number of platforms 1, 2, 3 or more 
Amount of flaking on the perimeter of 
the core 
< 20%, 20-40%, 40-60%, 60-80%, > 75%, not applicable 
Typology 
Levallois (following Bordes [1961: 17]. See also Boëda 
[1994] and Bar-Yosef & Dibble [1995]); All other core 
types following Hutcheson and Callow (1986:242-243) 
unless otherwise indicated: Disc; Discoidal; Single 
platformed, unifacial; Single platformed, bifacial; Double 
platformed, opposed; Double platformed at right angles; 
Multiple platformed; Shapeless/miscellaneous; Blade 
(following Crabtree [1972:42]; Bipolar (following Kuijt 
et al. [1995:118] 
Crystal size 
Fine size, Medium size, Coarse size, estimated by using a 
sand gauge (©1984 W.F. McCullough)  
Abundance of impurities 
Percentage of impurities mottles, large coarse fragments, 
and natural fissures measured on two spots on the cores 
in a 2 by 2 cm square, using Munsell Charts for 
Estimating Proportions of Mottles and Coarse Fragments. 
Degree of Weathering 
0) No edge rounding evident; 1) Edge rounding visible 
under light magnification; 2) Edge rounding visible to the 
eye, but no features of the artefact were obscured; 3) 
Edge rounding obscured features of the artefact, 
including blurring of dorsal scar patterns and possible 
modification of artefact dimension 
Photo file number(s) Every core was photographed 
Remarks 
E.g. types of Levallois cores, types of cortex, or types of 
technological stone knapping features, such as steps. 
 
Table 2
Click here to download Table: Table 2.doc 
1 
Variable Measurements / categories 
Cobble size Maximum dimension, width, and thickness in mm 
Weight  In grams 
Angularity Rounded; Sub-rounded; Angular; Sub-angular 
Type of material Quartzite, quartz, sandstone, chert, other 
Crystal size 
Fine size, Medium size, Coarse size, estimated by using a 
sand gauge (©1984 W.F. McCullough) 
Abundance of impurities 
Percentage of impurities mottles, large coarse fragments, 
and natural fissures measured on two spots on the inside of 
the cobble in a 2 by 2 cm square, using Munsell Charts for 
Estimating Proportions of Mottles and Coarse Fragments 
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  N. Rukuru Sadala Ruasho Remero 
Core Type: n % n % n % n % 
Levallois 3 3.2 3 4.9 6 7.4 2 4.4 
Disc 37 39.8 29 47.5 33 40.7 14 31.1 
Discoidal 5 5.4 4 6.6 3 3.7 8 17.8 
Multiple platformed 4 4.3 4 6.6 4 4.9 1 2.2 
Single platformed, unifacial 19 20.4 8 13.1 10 12.3 5 11.1 
Single platformed, bifacial 11 11.8 7 11.5 14 17.3 7 15.6 
Double platformed, opposed 2 2.2 1 1.6 0 0.0 1 2.2 
Double platformed at right angles 5 5.4 0 0.0 3 3.7 2 4.4 
Other 7 7.5 5 8.2 8 9.9 5 11.1 
Total 93 100.0 61 100.0 81 100.0 45 100.0 
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Landform 
Average 
Slope 
(degrees/m)
* 
Average 
Slope 
(degrees/ 
straight 
line)** 
Total 
Length 
(km) 
% 
Surve
y 
Numbe
r of 
Cores 
Cores/k
m 
Average 
Cobble 
Densities (per 
m
2
) 
Average 
Weatherin
g Value 
Average 
Core 
Weight 
Min 
Core 
Weigh
t 
Max 
Core 
Weigh
t 
Creek flat 3.90 1.53 0.299 1.1% 5 16.7 1.00 3.4 230.2 85 470 
Flat land 4.45 0.58 1.427 5.1% 2 1.4 0.75 4.0 400.0 355 445 
Hilltop 4.97 1.65 2.651 9.5% 70 26.4 0.68 2.9 156.6 15 860 
Long gradual 
slope 4.94 1.89 8.322 29.7% 39 4.7 0.18 3.0 227.9 15 1055 
Lower slope 5.95 4.01 1.643 5.9% 5 3.0 0.15 3.6 150.0 85 210 
Middle slope 7.10 5.15 0.981 3.5% 22 22.4 1.20 3.3 201.4 45 515 
Range top 4.43 0.92 8.534 30.4% 61 7.1 0.07 3.2 251.1 15 1430 
River flat 3.04 0.55 0.274 1.0% 0 0.0 0.28 N/A N/A N/A N/A 
Short steep slope 5.95 3.55 1.988 7.1% 27 13.6 1.02 2.4 178.1 30 610 
Upper slope 5.32 2.15 1.911 6.8% 49 25.6 0.52 3.3 303.2 25 1045 
* Degrees calculated as the average of slope values taken every 1m from a slope raster surface created using ASTER topographic data 
  **Degrees calculated as the average of the straight line slopes between the start and end points of transects from each 
landform 
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Geology 0m 50m 100m 150m 200m 
Observed 
Area (m
2
) 
% Area per 
Geology 
% Cores per 
Geology 
Average 
Weathering 
Average 
Mass 
Dinosaur Beds 9 20 20 20 21 385 0.3% 3.2% 2.89 120.6 
Alluvium 49 54 62 71 82 32880 22.7% 17.5% 3.33 198.1 
Chitimwe Beds 10 28 64 64 70 42625 29.4% 3.6% 2.60 160.0 
Chiwondo Beds 91 134 166 177 178 50745 35.0% 32.5% 3.21 196.5 
Gneiss Bedrock 121 126 129 130 136 18365 12.7% 43.2% 2.92 261.9 
 
Table 6
Click here to download Table: Table 6.docx 
      N. Rukuru Sadala Ruasho Remero 
C
o
re
s 
Q
u
ar
tz
it
e 
Weight (g) 297 206 182 289 
Length (mm) 88 85 79 87 
Width (mm) 72 68 64 70 
Thickness (mm) 48 38 38 48 
Q
u
ar
tz
 
Weight (g) 239 154 57 121 
Length (mm) 81 71 60 63 
Width (mm) 68 62 47 53 
Thickness (mm) 48 37 25 34 
A
ll
 
Total Average Weight (g) 292 200 165 200 
Total Average Length (mm) 87 84 77 74 
Total Average Width (mm) 72 67 62 61 
Total Average Thickness (mm) 48 38 36 41 
         
C
o
b
b
le
s 
Q
u
ar
tz
it
e 
Weight  (g) 1142 778 720 798 
Length (mm) 145 131 124 128 
Width (mm) 108 94 92 98 
Thickness (mm) 73 61 62 74 
Rounded/ Subrounded (n) 23 46 30 2 
Angular/ Subangular (n) 
23 15 15 19 
Q
u
ar
tz
 
Weight  (g) 1041 792 852 800 
Length  (mm) 145 136 132 132 
Width  (mm) 109 102 98 99 
Thickness (mm) 76 68 68 74 
Rounded/ Subrounded (n) 5 29 22 20 
Angular/ Subangular (n) 43 65 51 72 
A
ll
 
Total Average Weight (g) 1074 787 798 849 
Total Average Length (mm) 145 135 129 133 
Total Average Width (mm) 108 99 96 100 
Total Average Thickness (mm) 74 65 66 75 
 
Table 7
Click here to download Table: Table 7.docx 
  All Cores Quartzite Cobbles Quartz Cobbles 
 Crystal 
Size Fine Medium Coarse Fine Medium Coarse Fine Medium Coarse 
 N. Rukuru  25 67 1 8 24 14 0 22 26 
 Sadala  44 16 1 9 38 14 0 31 63 
 Ruasho  47 32 0 10 30 5 0 19 54 
 Remero  17 24 4 4 5 12 11 35 46 
 % of 
Flaws 
1-
24% 25-49% ≥ 50% 
1-
24% 25-49% ≥ 50% 
1-
24% 25-49% ≥ 50% 
 N. Rukuru  92 1 0 26 9 11 25 11 12 
 Sadala  59 2 0 44 11 6 23 18 53 
 Ruasho  77 1 0 34 7 4 11 14 48 
 Remero  45 0 0 14 2 5 66 14 12 
 Note: Crystal Size and % of Flaws were not determinable attributes on 2 cores and 3 cores, respectively 
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Cortex upper hemisphere: 
N. Rukuru 
(n=77) 
Sadala 
(n=50) 
Ruasho 
(n=71) 
Remero 
(n=35) 
 None 38 29 34 24 
 Less than 25 % 17 9 13 6 
 25 - 50 % 11 4 15 4 
 50 - 75 % 11 6 8 1 
 More than 75 % 0 2 1 0 
 Cortex lower hemisphere:         
 None 0 2 1 7 
 Less than 25 % 4 4 5 3 
 25 - 50 % 18 8 9 6 
 50 - 75 % 18 8 21 8 
 More than 75 % 37 28 35 11 (a) 
Note: This attribute was not recorded for cores where two hemispheres were not clearly apparent 
 
Number of platforms: N.Rukuru (n=92) 
Sadala 
(n=57) 
Ruasho 
(n=77) 
Remero 
(n=42) 
 One platform 74 51 69 35 
 Two platforms 9 2 3 6 
 Three or more platforms 9 4 5 1 (b) 
Note: This attribute was not recorded for broken cores 
   
Core perimeter flaking: 
N. Rukuru 
(n=81) 
Sadala 
(n=52) 
Ruasho
(n=73) 
Remero
(n=41) 
 Less than 20 % 1 1 0 0 
 20 - 40 % 11 8 11 5 
 40 - 60 % 20 7 16 12 
 60 - 80 % 15 1 12 9 
 More than 80 % 34 35 34 15 (c) 
Note: This attribute was not recorded for cores where a clear perimeter was not apparent 
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